Introduction
============

Glaucoma continues to be a major public health challenge as one of the leading causes of blindness worldwide.[@b1-opth-6-955] Compared with white populations, glaucoma presents earlier, progresses more rapidly, and is associated with a higher incidence of blindness in African Americans.[@b2-opth-6-955]--[@b6-opth-6-955] Furthermore, treatment outcomes have been reported to vary in African American and white patients.[@b7-opth-6-955]--[@b9-opth-6-955]

Glaucoma filtration surgery remains the most effective surgical procedure for uncontrolled glaucoma.[@b10-opth-6-955] In black patients, glaucoma filtration surgery has been reported to have lower surgical success compared to white patients, presumably due to a more exuberant inflammatory response.[@b10-opth-6-955]--[@b13-opth-6-955] The use of antifibrosis agents with glaucoma filtration surgery has been reported to improve surgical outcomes in African Americans.[@b14-opth-6-955]--[@b17-opth-6-955]

One of the recent modifications of glaucoma filtration surgery has been the placement of the Ex-PRESS glaucoma filtration device (Alcon, Fort Worth, TX) under a partial-thickness scleral flap.[@b18-opth-6-955] The Ex-PRESS glaucoma filtration device is a biocompatible, magnetic resonance imaging-compatible, stainless steel, nonvalved device that diverts aqueous humor from the anterior chamber to the subconjunctival space and forms a traditional filtration bleb, as seen in standard trabeculectomy.[@b19-opth-6-955],[@b20-opth-6-955]

The aim of our study was to evaluate the surgical outcomes of the Ex-PRESS glaucoma filtration device placed under a partial-thickness scleral flap with intraoperative application of mitomycin C (MMC) in African American and white patients. Unlike conventional trabeculectomy, sclerectomy and iridectomy are not performed with the Ex-PRESS glaucoma filtration device. Therefore, less inflammation is encountered with this procedure both intraoperatively and postoperatively. We hypothesized that these modifications may enhance surgical outcomes in black patients.

Methods
=======

This was a single-center, retrospective comparative study of eyes treated with the Ex-PRESS glaucoma filtration device under a partial-thickness scleral flap in African American and white glaucoma patients. The study protocol was approved by the Institutional Review Board, and informed consent was obtained before surgery. All surgeries were performed by one surgeon (SS). All patients requiring surgical intervention were on maximum tolerated medical therapy and were judged to require additional intraocular pressure (IOP) reduction to prevent further progression of glaucomatous optic neuropathy and associated visual field loss. Exclusion criteria included previous standard trabeculectomy and combined cataract and Ex-PRESS glaucoma filtration device.

All surgeries were performed under inferonasal sub-Tenon local anesthesia. A 6-0 polyglactin suture (Vicryl; Ethicon, San Angelo, TX) was passed in the cornea superiorly to infraduct the eye. A fornix-based conjunctival flap was incised in all cases. Cautery was used when necessary to achieve hemostasis on the scleral bed. MMC (0.4 mg/mL) was applied before formation of the scleral flap for 1--3 minutes' duration depending on the patient's underlying conjunctival characteristics, such as hyperemia or thinning. After removing the sponges, the site was irrigated copiously with balanced salt solution. A partial-thickness triangular scleral flap was outlined with a 15° blade and elevated with a 57° blade. A 25-gauge needle was used to enter the anterior chamber slightly posterior to the blue-gray zone under the scleral flap, and the Ex-PRESS device (model P50) was introduced into the anterior chamber through the needle track by using a disposable delivery system. The scleral flap was sutured with interrupted 10-0 nylon sutures, adjusting the tension on the sutures to maintain anterior chamber depth with slow flow of aqueous humor around the margins of the scleral flap. The conjunctiva was closed with interrupted wing sutures at both ends of the incision. A subconjunctival injection of steroid and antibiotic was given in the inferior fornix, and the corneal traction suture was removed. The eye was dressed with antibiotic and steroid ointment or solution, a light gauze dressing, and an eye shield. Topical antibiotic (fourth-generation fluoroquinolone) and steroid, generally prednisolone acetate 1%, were given postoperatively and tapered over several weeks.

Preoperative information included patient age, sex, race, glaucoma diagnosis, history of laser, glaucoma medications, IOP measured by Goldmann applanation tonometer, and visual acuity. In terms of glaucoma diagnosis, combined-mechanism glaucoma was designated for patients who had both open and closed components of the drainage angle and had required laser peripheral iridotomy in the past. Mixed-mechanism glaucoma was reserved for patients where a combination of multiple surgeries, inflammation, steroid use, or bleeding may have contributed to the underlying mechanism. The primary outcome measures were IOP, number of postoperative glaucoma medications, and surgical success. Surgical success was defined as IOP between 5 and 18 mmHg, with or without glaucoma medications, without further glaucoma surgery, or loss of light-perception vision. Laser suture lysis was not considered a failure of the procedure and performed at the discretion of the surgeon depending on the clinical situation. Postoperative complications, including hyphema, choroidal effusions, flat anterior chamber, hypotony, bleb leak, suprachoroidal hemorrhage, endophthalmitis, and device-related complications were assessed. Bleb leak was considered a complication during the late postoperative period (more than 6 weeks after surgery), and early hypotony was defined as IOP \< 5 mmHg during the first postoperative week.

The two groups were compared using the two-sample *t*-test and Mann--Whitney test for continuous variables, and Pearson's χ^2^ and Fisher's exact tests for categorical data. Since the two-sample *t*-test and Mann--Whitney test gave similar results, only results from the *t*-test are reported here. Success rates in both groups were compared using Kaplan--Meier life-table analysis and the log-rank test. Differences were considered statistically significant at a *P*-value of 0.05 or less. All analyses were done using SAS 9.2 software (SAS Institute, Cary, NC).

Results
=======

The Ex-PRESS glaucoma filtration device was inserted in 36 eyes of 36 African Americans and 43 eyes of 43 Caucasians. The mean follow-up was 31.9 ± 9.8 (range 14.6--47) months for African Americans and 30.7 ± 8.6 (range 14.3--47) months for whites. The baseline characteristics of the two groups are shown in [Table 1](#t1-opth-6-955){ref-type="table"}. There was no difference between the two groups in terms of age, sex, baseline IOP, preoperative glaucoma medications, or type of glaucoma.

A significant reduction in IOP occurred at all time points in both groups compared to baseline IOP, and no significant difference in IOP lowering was noted between the two groups ([Table 2](#t2-opth-6-955){ref-type="table"}). The mean IOP before and after insertion of the Ex-PRESS device is shown in [Figure 1](#f1-opth-6-955){ref-type="fig"}. The preoperative IOP for each eye was determined by an average of two IOP measurements from previous consecutive visits before surgical intervention. The mean ± standard deviation (SD) preoperative IOP was 23.8 ± 9.1 for the African American group and 23.0 ± 10.0 for the Caucasian group (*P* = 0.72). The mean IOP postoperatively was significantly lower in both groups compared with baseline IOP at all time points. The mean IOP was higher in the African American group when compared with the white group at day 7, month 3, and month 6 with *P* ≤ 0.05. The mean postoperative IOP was not statistically different between the two groups at 1 year (13.9 vs 12.2; *P* = 0.39), 2 years (12.9 vs 10.7; *P* = 0.72), and 33 months (11.0 vs 11.3; *P* = 0.92). These values have been summarized in [Table 3](#t3-opth-6-955){ref-type="table"}.

The mean number of glaucoma medications preoperatively and postoperatively is shown in [Figure 2](#f2-opth-6-955){ref-type="fig"}. At baseline, the mean ± SD baseline or preoperative glaucoma medications was 2.8 ± 0.5 in each group. There was a significant reduction seen in the number of postoperative glaucoma medications required in both groups compared with baseline medications. The mean number of postoperative medications was higher in the African American group when compared with the white group at months 18 and 27. The mean number of postoperative medications was not statistically different for the two groups at year 1 (0.56 vs 0.21; *P* = 0.07), year 2 (0.31 vs 0.10; *P* = 0.24), and 33 months (0.0 vs 0.05; *P* = 0.42). These values have been summarized in [Table 3](#t3-opth-6-955){ref-type="table"}.

The survival analysis is shown in [Figure 3](#f3-opth-6-955){ref-type="fig"}, with a success rate of 80.0% in the African American group and 83.3% in the white group at 33 months. The survival curves for the two groups were not significantly different (*P* = 1.00). Reasons for surgical failure included increased IOP (three eyes, 3.8%), persistent hypotony with maculopathy (one eye, 1.3%), and further surgery (four eyes, 5.06%). Three patients had high IOP of 33, 31, and 20 mmHg at 6, 9, and 6 months after surgery, respectively. All three patients required additional surgery with a glaucoma drainage implant. One patient had persistent hypotony and underwent bleb revision. No eyes had loss of light-perception vision.

There were no intraoperative complications in either group. Postoperative complications were similar in both groups ([Table 3](#t3-opth-6-955){ref-type="table"}). Hyphema was observed more in white eyes, and choroidal effusions were more frequent in African American eyes, but these differences were not statistically significant. One white patient developed hypotony maculopathy. One patient in each group had late-onset bleb leak, which resolved with conservative therapy. One patient in each group had a blocked device that was successfully treated with an Nd:YAG laser, resulting in liberation of fibrinous material at the tip of the Ex-PRESS device with restoration of aqueous outflow. Eyes requiring laser suture lysis were similar in the African American and white groups (42% vs 33%, respectively; *P* = 0.40). Early hypotony was also similar in the two groups (8% vs 12%; *P* = 0.72).

Discussion
==========

Multiple studies have reported racial differences between blacks and whites in response to medical, laser, or surgical therapy for glaucoma. The varied responses in African Americans have been attributed to iris pigmentation, corneal thickness, number of preoperative glaucoma medications, cellular profile of the conjunctiva, more exuberant healing response to surgery, and socioeconomic factors.[@b21-opth-6-955]--[@b25-opth-6-955]

The most notable study that evaluated the differences in treatment outcomes between black and white patients was the Advanced Glaucoma Intervention Study (AGIS).[@b7-opth-6-955]--[@b9-opth-6-955] Patients were randomized to a treatment sequence of argon laser trabeculoplasty → trabeculectomy → trabeculectomy (ATT sequence) or trabeculectomy → argon laser trabeculoplasty → trabeculectomy (TAT sequence). The main outcome measures were visual acuity and visual field, although IOP, complication rates, and need for adjunctive medications were evaluated as well. Racial differences were reported in the treatment outcomes in white and black patients between the randomized groups at 7--10 years of follow-up.[@b7-opth-6-955],[@b9-opth-6-955] The results favored the ATT sequence in black patients and the TAT sequence in white patients, based on preservation of visual function.

In addition to race-specific analysis between the two randomized intervention sequences as described above, further analysis was conducted to determine whether the treatment-specific clinical course of glaucoma differs between eyes of white and black patients.[@b8-opth-6-955] After baseline differences were adjusted, blacks had lower failure rates with argon laser trabeculoplasty than did whites in the ATT sequence. This finding conflicted with results of previous laser studies, which demonstrated either higher failure rates in blacks or equivalent results between blacks and whites.[@b26-opth-6-955],[@b27-opth-6-955] In the TAT sequence, blacks had higher failure rates with initial trabeculectomy, and these findings were consistent with previously reported trabeculectomy outcomes in blacks.[@b7-opth-6-955],[@b28-opth-6-955],[@b29-opth-6-955] Of note, most initial trabeculectomies in AGIS were performed without antifibrosis agents. Since adjunctive use of antimetabolites has been reported to improve surgical outcomes of trabeculectomy in blacks, it is possible that extensive use of antimetabolites might have improved the outcomes of trabeculectomy in blacks and enhanced the beneficial effects of trabeculectomy in whites. In the present study, MMC was used intraoperatively in all eyes.

The Ex-PRESS glaucoma filtration device is one of the newest modifications of glaucoma filtration surgery. The device is inserted under a partial-thickness scleral flap into the anterior chamber through a needle track created by a 23- or 25-gauge needle. Unlike standard trabeculectomy, sclerectomy and iridectomy are not performed at the time of surgery, minimizing both intraoperative and postoperative inflammation. Also, variations in the fistula size seen with traditional trabeculectomy are avoided, minimizing unpredictable outcomes and adverse side effects.

Several retrospective and prospective studies have compared the safety and efficacy of the Ex-PRESS device under a scleral flap with standard trabeculectomy and have reported similar or better IOP outcomes.[@b30-opth-6-955]--[@b32-opth-6-955] Many of these studies have demonstrated superiority of this technique over standard trabeculectomy in reducing intraoperative and postoperative complications due to a more controlled outflow of aqueous humor through consistent lumen size. In addition, rapid visual recovery secondary to less inflammation and fewer postoperative visits were reported in one retrospective study.[@b32-opth-6-955] In AGIS 11, analysis of risk factors for failure of trabeculectomy and argon laser trabeculoplasty demonstrated that marked postoperative inflammation increased the risk of trabeculectomy failure by 160% (hazard ratio = 2.60).[@b33-opth-6-955] In the present study, similar surgical success was achieved in both races, presumably from no tissue removal and subsequently less inflammation with the Ex-PRESS filtration device.

In addition to inflammation related to surgical technique, other risk factors have been described for failure of glaucoma filtration surgery.[@b24-opth-6-955],[@b25-opth-6-955],[@b34-opth-6-955],[@b35-opth-6-955] A thicker Tenon's capsule at the time of surgery or its ability to incite greater inflammatory reaction after surgical trauma was reported to be a risk factor of filtration surgery in blacks, and its removal has been suggested by some investigators.[@b36-opth-6-955],[@b37-opth-6-955] However, in one comparative study of trabeculectomy with and without tenonectomy, no statistically significant difference was noted in the two studied groups.[@b38-opth-6-955] Differences in conjunctival cell population have been reported in blacks and whites.[@b24-opth-6-955] The conjunctival biopsy specimens from blacks demonstrated more fibroblasts and macrophages compared to those from whites. Since fibroblasts are typically responsible for wound healing, the amplified macrophage activity may result in exaggerated wound healing and may partially explain more surgical failures among black patients. In addition to the cell numbers, variations in cell activation and function have also been postulated to be responsible for the differences observed. Different degrees of postoperative hyperemia and aqueous humor composition have also been proposed as potential risk factors for filtration surgery in blacks when compared to whites.[@b39-opth-6-955],[@b40-opth-6-955] In one Ex-PRESS study, evaluation by the Moorfields bleb-grading system demonstrated consistently less vascularity in Ex-PRESS blebs compared to standard trabeculectomy blebs; however, these differences were absent at study completion.[@b32-opth-6-955]

In addition, the number of preoperative medications may influence surgical success after glaucoma filtration surgery.[@b25-opth-6-955],[@b41-opth-6-955] Since glaucoma assumes a more aggressive course in African Americans, more medications preoperatively may adversely affect surgical outcomes. Goblet cell population has been reported to be reduced in eyes with long-term use of glaucoma medications.[@b42-opth-6-955] Although it remains unclear whether fewer goblet cells could incite a more exuberant healing response in blacks, further evaluation is warranted to understand the adverse effect of glaucoma medications on goblet cells in black and white patients. In fact, better results of trabeculectomy were seen in blacks when trabeculectomy was the primary procedure rather than secondary intervention after failure of medical therapy.[@b43-opth-6-955] In AGIS, black patients were also found to be on more glaucoma medications preoperatively than were white patients in both treatment sequences. In the current study, the number of preoperative glaucoma medications in the two groups was similar.

Limitations of the current study include its retrospective design with potential for selection bias, modest sample size, and short follow-up time. More failures can be expected with longer follow-up. We also acknowledge that MMC application, ranging from 1 to 3 minutes, may have introduced some variability in our results. The application time of MMC varied depending on conjunctival hyperemia or overall health of the conjunctiva. Unlike many other studies, all cases in our study were done by a single surgeon, controlling some of the confounding factors, such as clinical indications for surgery and surgical technique. The results of this retrospective study merit further evaluation of race influence on outcomes of Ex-PRESS glaucoma filtration device in a longitudinal, prospective, randomized study.

In summary, our results suggest that insertion of the Ex-PRESS glaucoma filtration device augmented by antimetabolite use may be a better surgical option for African Americans, given its potential advantages of no tissue removal with reduced inflammation and predictable outcomes related to consistent lumen size and controlled flow that may reduce postoperative complications and overall failure rates. An exaggerated healing response in blacks after glaucoma filtration surgery is known to be a major risk factor for surgical failure. Whether it is due to a thick Tenon's capsule, reduced goblet cells, amplified macrophages and fibroblasts, or excessive inflammation from these or other unknown factors, additional research is needed to explore these possibilities. While the inherent characteristics of the conjunctiva cannot be changed, modifications in surgical technique of glaucoma filtration surgery may improve outcomes in blacks.
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###### 

Preoperative characteristics for African American and white glaucoma patients

  ----------------------------------------------------------------------------------
                                     African Americans\   White\         *P*-value
                                     n = 36\              n = 43 eyes\   
                                     eyes 36 patients     43 patients    
  ---------------------------------- -------------------- -------------- -----------
  Age (years) (mean ± SD)            66.1 ± 11.3          70.1 ± 12.4    0.1431

  Sex                                                                    0.4694

   Male                              18                   18             

   Female                            18                   25             

  Eye (OD/OS)                        20/16                21/22          0.5517

  Previous lasers                                                        0.5250

   None                              28                   27             

   ALT                               4                    10             

   SLT                               1                    2              

   LPI                               3                    4              

  Glaucoma medications (mean ± SD)   2.8 ± 0.5            2.8 ± 0.5      0.9423

  Baseline IOP (mmHg) (mean ± SD)    23.8 ± 9.1           23.0 ± 10.0    0.7178

  Type of glaucoma                                                       0.3951

  Primary open angle                 25                   26             

   Low tension                       0                    5              

   Combined mechanism                5                    3              

   Exfoliation                       1                    2              

   Pigmentary                        0                    1              

   Mixed mechanism                   5                    6              
  ----------------------------------------------------------------------------------

**Abbreviations:** LPI, laser peripheral iridotomy; ALT, argon laser trabeculoplasty; SLT, selective laser trabeculoplasty; SD, standard deviation; IOP, intraocular pressure.

###### 

Change from baseline intraocular pressure (mmHg) in eyes treated with Ex-PRESS in African Americans and whites (mean ± standard deviation)

  Postoperative time   African Americans (n = 36)   White (n = 43)   *P*-value
  -------------------- ---------------------------- ---------------- -----------
  1 day                −11.4 ± 11.2                 −11.1 ± 13.1     0.9140
  7 days               −8.7 ± 12.6                  −13.0 ± 11.0     0.1123
  1 month              −11.1 ± 10.2                 −10.2 ± 10.1     0.6923
  3 months             −9.5 ± 9.3                   −12.2 ± 10.6     0.2646
  6 months             −7.4 ± 9.5                   −12.6 ± 11.1     0.0577
  9 months             −9.7 ± 8.7                   −9.6 ± 12.4      0.9854
  12 months            −9.0 ± 8.3                   −11.1 ± 12.8     0.5653
  15 months            −10.2 ± 8.6                  −11.0 ± 10.7     0.8371
  18 months            −9.5 ± 9.8                   −8.1 ± 11.9      0.7528
  21 months            −10.5 ± 7.8                  −14.6 ± 16.3     0.5318
  24 months            −10.6 ± 9.8                  −13.4 ± 12.7     0.6537
  27 months            −7.1 ± 10.0                  −6.1 ± 9.4       0.8743
  30 months            −12.4 ± 7.5                  −13.4 ± 18.1     0.9219
  33 months            −13.8 ± 9.7                  −17.2 ± 20.1     0.8088
  36 months            −11 ± 0                      −26.5 ± 20.5     0.6480

###### 

Mean intraocular and glaucoma medications in African Americans and Caucasians at all follow-up visits

  Time        Intraocular pressure   Glaucoma medications          
  ----------- ---------------------- ---------------------- ------ ------
  1 day       23.75                  22.97                  2.81   2.81
  7 days      12.31                  11.90                  0.00   0.00
  1 month     14.11                  9.93                   0.08   0.00
  3 months    11.97                  12.62                  0.08   0.05
  6 months    13.35                  10.82                  0.33   0.21
  9 months    15.59                  10.72                  0.72   0.28
  12 months   14.24                  14.13                  0.58   0.23
  15 months   13.88                  12.15                  0.56   0.21
  18 months   14.45                  11.31                  0.35   0.20
  21 months   13.75                  11.58                  0.55   0.14
  24 months   12.13                  11.78                  0.17   0.09
  27 months   12.86                  10.71                  0.31   0.10
  30 months   14.20                  12.40                  0.42   0.04
  33 months   10.25                  12.50                  0.10   0.04
  36 months   11.00                  11.33                  0.00   0.05

###### 

Postoperative complications after Ex-PRESS in African American and white glaucoma patients

  -----------------------------------------------------------------------------------------------
  Complications                                      African Americans\   White\      *P*-value
                                                     (n = 36)\            (n = 43)\   
                                                     n and %              n and %     
  -------------------------------------------------- -------------------- ----------- -----------
  Hyphema                                            0 (0)                3 (8)       0.2559

  Choroidal effusions                                6 (18)               2 (5)       0.1411

  Hypotony maculopathy                               0 (0)                1 (3)       1.0000

  Late bleb leak (more than 6 weeks after surgery)   1 (3)                1 (3)       1.0000

  Blocked device                                     1 (3)                1 (3)       1.0000
  -----------------------------------------------------------------------------------------------
